Background: Evidence suggests that acute illness and hospitalization may increase the risk for falls.
Conclusions:
The rate of falls is substantially increased in the first month after medical hospitalization, and is an important cause of injury and morbidity. Posthospital risk factors may be potentially modifiable. Efforts to assess and modify risk factors should be integral to the hospital and posthospital care of older adults (those aged Ն65 years). Med. 2000; 160:2788 -2795 F ALLING IS a common and serious medical problem for older adults. Although the rate of falls varies significantly with age, 1 approximately one third of community-living adults older than 65 years fall each year. [2] [3] [4] Such falls pose serious threats to the health and function of older adults and lead to increased health care costs to society. In those older than 65 years, 1 in 20 hospitalizations is for fall-related injury, 5 with the average charge per stay being $11800. 6 Few studies have examined the incidence of falls after hospitalization, yet several lines of evidence suggest this may be a high-risk period. First, changes in physical function due to acute illness may predispose to falls. 7 Second, immobility and bed rest may result in impaired coordination, 8 increased body sway, 8, 9 decreased strength, 10, 11 slowed gait speed, 9 and orthostatic incompetence, 8, 11, 12 all of which may increase the risk of falls. 3, 4, [13] [14] [15] [16] [17] [18] Third, delirium occurs in 14% to 56% of elderly hospitalized patients. 19 Persistence of delirium into the posthospitalization period 20 may heighten the risk of falls. 21 Finally, psychoactive medications are often started during hospitalization. 22 Given their known association with falls, 23 they may be an important risk factor for falls after hospital discharge.
Arch Intern
In a previous retrospective analysis, 24 it was found that older adults who received home-nursing services had a high incidence of falls within the first month after hospitalization compared with those not receiving home-nursing services (20% vs 8%). However, that analysis was limited by a small sample size, lack of memory aids for reporting falls, a short follow-up period, and incomplete characterization of risk factors. We undertook this prospective study to confirm findings and overcome limitations of that previous analysis. We limited this prospective study to higher-risk patients, those receiving homenursing services after discharge, because it may be most cost-effective to target highrisk patients for intervention. We evaluated falls weekly for 3 months after 
PATIENTS AND METHODS

STUDY POPULATION
Patients were consecutively enrolled after hospital discharge from April 11, 1994 , to May 9, 1996 . Figure 1 shows the inclusion and exclusion criteria and enrollment statistics. The 613 patients who were contacted were similar in age, race, and sex to those who were not contacted, but were more likely to be married (37% vs 26%; P =.02). Of those contacted, the 312 (51%) who accepted were not different from those who refused in age, race, sex, marital status, or length of hospital stay. Informed consent was obtained in accordance with the University of Wisconsin, Madison, Institutional Review Board guidelines.
INITIAL ASSESSMENT
Initial assessment occurred in the patient's home within 5 days of hospital discharge. Subjective measures included self-report of prehospital (for the period 2 weeks before hospitalization) and current function and mobility. Function was assessed for 6 activities of daily living (ADLs). 25 Patients were considered independent in ADLs if they were able to perform all 6 activities without help from another person. Mobility questions included use of an assistive device indoors and the ability to walk one block. Patients were also asked about frequency of alcohol intake and episodes of light-headedness when rising from a chair in the month before hospitalization, and about numbers of hospitalizations and falls in the prior year. A caregiver (if residing with the patient) was asked to verify the number of falls in the previous year. Finally, as an indicator of the presence of depression, patients were asked if, since leaving the hospital, they often felt sad or depressed. 26 Objective measures at the initial assessment included orthostatic blood pressure and pulse, 27 corrected vision at 2.1 m, 28 and assessments of cognition using the MiniMental State Examination (MMSE), 29 balance using the Performance-Oriented Balance Assessment, 30 and delirium using the Confusion Assessment Method. 31 Interrater reliability testing was performed throughout the study. The Pearson product moment correlation for pairs of raters for the Performance-Oriented Balance Assessment (24 pairs) was 0.99, and for determination of possible or probable delirium using the Confusion Assessment Method was 0.93 (14 pairs).
At the home visit, the researcher asked the patients to collect all medications they were taking. Medication information (dose, route, and frequency) was taken directly from medication labels and compared with hospital discharge summary and home health agency records; any discrepancies were resolved by contacting the physician or home nursing agency. Length of hospital stay and diagnoses were abstracted from home-nursing and hospital admission records.
All data were obtained by trained personnel using standardized protocols. For subjective measures, if the patient was deemed unreliable by the interviewer (26% of patients), information was obtained or verified by the caregiver. In a validation subsample, there was complete agreement on prehospital ADL scores in 10 (83%) of 12 patient-caregiver pairs, with disagreement equally likely in both directions.
ASCERTAINMENT OF SUBSEQUENT FALLS
At the initial interview, patients were questioned about falls since hospitalization, and asked to record falls for the next 3 months. Patients were provided with a calendar and a set of 13 weekly postcards. 17 Caregivers were asked to help in calendar and postcard reporting for unreliable patients. 2, 32 If a postcard was not received, the patient was contacted by telephone. Patients were also asked at 1-and 3-month inperson interviews if they had fallen since the index hospitalization. For all patients admitted to a hospital or nursing home during the 3 months, medical records were reviewed for history of falls in the week before facility admission. Of the falls, 8% were ascertained by initial assessment, 57% by postcard, 19% by telephone call, 4% by questioning at 1 and 3 months, and 12% by review of facility records for patients who were hospitalized or admitted to a nursing home.
All positive reports of falls were followed by telephone interview to prevent duplicate reporting, and to ascertain injuries and health service use. Health service use was verified by review of hospital and nursing home records.
DEFINITIONS OF INDEPENDENT VARIABLES
Living arrangement was classified as alone, with spouse, with family, or with hired help (including community-based retirement facility or other paid arrangement). Chronic conditions included congestive heart failure, chronic obstructive pulmonary disease, diabetes mellitus, cerebrovascular accident, and parkinsonism, and were based on either a principal or a secondary diagnosis from hospital admission and home-nursing records. Lower extremity arthritis was based on self-report. Number of diagnoses (a measure of comorbidity) was considered as the number of active diagnoses listed in hospital admission and home-nursing records.
Ambulation aids were classified as cane, wheeled or standard walker, or wheelchair. Patients were considered users of an ambulation aid if they used it more than 50% of the time. History of 2 or more falls in the year prior was based on proxy report if the MMSE score was less than 24. If the MMSE score was 24 or more, or if no proxy were available (n=9), history of prior falls was based on patient report. Exclusion of the 9 patients with poor cognition and no proxy did not substantially affect results. Probable delirium was defined as present if there was fluctuation in attention, thinking, or level of consciousness, evidence of inattention, and either disorganized thinking or decrease in the level of consciousness. 31 Patients were classified as users of a psychotropic medication class if a medication in that class was prescribed (either scheduled or as needed). Medication classes were longand short-acting benzodiazepines, tertiary amine tricyclic antidepressants (TCAs), secondary amine TCAs, selective serotonin reuptake inhibitors, other antidepressants, and antipsychotic agents. 33 Since dose affects risk for falls, we determined a standardized dose based on the lowest effective dose for each agent using standard references as used by other investigators.
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PRIMARY OUTCOME
The primary outcome was rate of accidental falls in the community during the 3 months after hospital discharge. An hospitalization to test the hypothesis that the rate of falls would decrease as patients recovered from acute illness. Table 1 shows the demographic characteristics and prevalence of chronic conditions for the sample. Most subjects were females; 54% lived with others.
RESULTS
RATE OF FALLS AFTER HOSPITALIZATION
In the first month after discharge, 46 (14.8%) of the 311 patients fell. Thirty-three people fell once; 9, twice; and 4, 3 or more times. The percentage of patients who fell decreased in succeeding months; 7.0% fell in the second month, and 5.4% fell in the third month. Figure 2 , left, shows the rate of falls after hospital discharge. In the first 2 weeks after discharge, there were 8 falls per 1000 person-days. The rate of falls decreased rapidly to 2.5 falls per 1000 person-days by 8 weeks after discharge. Figure 2 , right, shows that for the subgroup of patients who were in the community for at least 80 of 90 days (n=238), there was a similar decline in rate of falls over time.
accidental fall was defined as "an event which results in a person coming to rest inadvertently on the ground or other lower level, and other than as a consequence of the following: sustaining a violent blow; loss of consciousness; sudden onset of paralysis, as in stroke; an epileptic seizure." 35(p4) Determination of overwhelming environmental hazard was based on consensus of a physical therapist and nurse. 2 
STATISTICAL ANALYSIS
Analyses were based on 311 patients, excluding 1 patient who fell 49 times in the first month. We calculated the rate of falls (number of falls per 1000 patient-days) for each 2-week interval for 3 months after hospital discharge as 1000 times the number of falls in the cohort during the interval divided by the number of days in the community in the interval. Patient-days were censored after death or dropout (6.2% of total days) or when the patient resided in a hospital or nursing home (3.9% of total days), as we were interested in the rate of falls in the community setting, which may differ from that in an institution. Finally, days were censored for which we had no patient information regarding falls from any source (postcard, telephone interview, the 7 days preceding a hospital or nursing home admission, or the 30 days before in-home questioning at 1 and 3 months) (3.1% of total days).
Standard errors for the rates of falls in each interval, adjusted for potential correlation between periods caused by individual propensities to fall, were obtained by a generalized estimating equations method 36 by Poisson regression with logarithmic link and independence working correlation. An offset variable was used to account for excluded days. The modeling was implemented by SAS statistical software (PROC GENMOD). 37 Rates and SEs were determined for the full cohort, and determined again, excluding patients whose falls were discovered only by medical record review. This only slightly decreased the rate of falls. To ensure that change in rate of falls over time was not due to differential loss of fallers from the sample, we also repeated analysis excluding patients who had more than 10 censored days (ie, days not in the community). Reasons for more than 10 censored days were as follows: death (6%), hospitalization or nursing home admission (10%), dropout (4%), and missing (3%). Finally, to ensure there was no bias due to differential sources of information during the study, we recalculated the rate of falls, including only patients (67.2%) for whom information was available by postcard or telephone call for the complete 90 days. There was no substantial change in the pattern of rate of falls over time with any of these subanalyses. The results using time as an ordinal variable were similar to those of coding intervals by indicator variables.
To evaluate risk factors for falls, we used the full cohort (n = 311), including those with less than 90 days in the community. The full cohort was used because of concern that risk factors may go undetected if they increase the likelihood of falls and exit from the community. We used univariate and multivariate Poisson regression models, with the number of falls in each 2-week interval as the outcome. Rate ratios and corresponding 95% confidence intervals associated with risk factors were obtained by exponentiating the regression coefficients and their robust confidence limits.
Continuous variables were modeled as continuous and categorical to determine the best fit (ie, the lowest log likelihood). For categorical modeling, accepted cutoffs were used (eg, MMSE score); otherwise, variables were classified into tertiles. Results were consistent using either method.
Two models were developed. Model 1 consisted of prehospital predictors only. We began by including prehospital predictors that were significant in univariate analysis, retaining those that remained significant in the model. Then, other prehospital predictors (not significant in univariate analysis) were added sequentially, and retained if significant. Finally, chronic conditions and demographic characteristics were tested and retained if significant. After adding each new variable, we retested all variables not in the model. Level of significance was set at PϽ.05.
For model 2, we added significant hospital and posthospital predictors to the prehospital model, following the same procedure as previously described. For both models, all pairwise interactions were tested, and included if PϽ.05 for the interaction term. For discrete variables, we only considered interactions if each subgroup formed by variable level combinations contained 10 individuals or more.
After developing models 1 and 2, we added time after hospitalization coded as an ordinal variable. Interaction effects between time and each risk factor in models 1 and 2 were tested.
Source of data reporting (patient or caregiver), source of referral to the study (ie, home-nursing agency), and originating hospital were tested as possible confounders in both models. There was no change in the regression coefficients of other variables when these variables were included, nor were they statistically significant. They were, therefore, excluded from the final models.
INJURIES ASSOCIATED WITH FALLS
Eleven percent of falls in the first month resulted in serious injury requiring hospitalization. Serious injury included fractures of the ankle, pelvis, spine, and arm; a dislocated hip prosthesis; severe bruising; and head laceration. The 7 resulting hospitalizations totaled 29 days and led to 3 subsequent nursing home admissions totaling 70 days. Injuries due to falls accounted for 15% of all hospitalizations in the first month.
Of the 67 falls in the first month, 14 (21%) resulted in minor injuries, primarily bruises and abrasions. A fall was as likely to result in injury in the third month as the first month. However, as there were fewer falls, there were fewer numbers of injuries in months 2 and 3. Injuries due to falls accounted for 2.4% of hospitalizations in the second month and 4.5% in the third month. Table 2 shows the unadjusted associations of prehospital, hospital, and posthospital factors with rate of falls after discharge. Model 1 in Table 3 shows prehospital risk factors for falls in multiple regression analysis, controlling for sex. In model 1, preexisting use of a standard walker, ADL dependency before hospitalization, 2 or more falls, and greater number of hospitalizations in the prior year were independently associated with an increased rate of falls after discharge. No other prehospital factors from Table 2 were significant in the model. There were no significant interaction effects in model 1.
RISK FACTORS FOR FALLS
Model 2 in Table 3 cluded using a tertiary amine TCA, having probable delirium, and having poorer balance. One posthospital factor was protective: use of a cane at discharge decreased risk compared with no assistive device.
Use of a tertiary amine TCA remained a significant risk factor after adjusting for depression, diabetes, and neuropathy. The average standardized dosage of tertiary amine TCAs was similar to that of other TCAs (0.7 *Data are given as percentage of participants unless otherwise indicated. CI indicates confidence interval; ADL, activity of daily living; and BP, blood pressure. †There are 6 ADLs (bathing, dressing, eating, toileting, and transferring and walking across a small room). ‡n = 304 (7 participants refused or could not perform because of aphasia). §The rate ratio is for each additional unit of measurement (eg, for each additional hospitalization compared with the hospitalization before).
The average standardized daily dose is 1.1 (5 mg of diazepam is 1 standard daily dose). ¶The average standardized daily dose is 1.1 (15 mg of temazepam is 1 standard daily dose). #The average standardized daily dose is 0.7 (75 mg of amitriptyline hydrochloride is 1 standard daily dose). **The average standardized daily dose is 1.1 for other tricyclic antidepressants, 1.0 for selective serotonin reuptake inhibitors, and 0.79 for other antidepressants (37.5 mg of nortriptyline hydrochloride and 20 mg of fluoxetine is 1 standard daily dose).
† †The average standardized daily dose is 0.5 (2 mg of haloperidol is 1 standard daily dose). ‡ ‡Performance-Oriented Balance Assessment; the maximum score is 26. n = 299 (12 patients who refused the test or had medical contraindication were retained in the analysis as a separate balance category). vs 1.1, respectively). When other types of antidepressants (selective serotonin reuptake inhibitors [used by 5.5%]), secondary amine TCAs (2.3%), trazadone hydrochloride (3.9%), and others (venlafaxine hydrochloride or bupropion hydrochloride [1.0%]) were evaluated as distinct classes, they were not significantly associated with falls in univariate or multivariate analyses. Average standardized doses were similar for other antidepressants. Figure 3 shows the change in rate of falls over time comparing patients with and without prehospital ADL dependency, adjusting for all factors in model 2. Patients with prehospital ADL dependency had a marked increase in rate of falls early after hospital discharge, with the rate of falls decreasing steeply over time. Other risk factors in models 1 and 2 showed a similar trend in change in rate of falls over time.
COMMENT
To our knowledge, this is the first study to specifically examine the incidence of falls in older, recently hospitalized, medical patients requiring postdischarge home care. This represents a substantial patient population, as 33% to 44% of hospitalized older adults receive home health services following discharge from the hospital. 24, 38 The fall rate was more than 4-fold higher in the first 2 weeks after hospitalization compared with 3 months after discharge. This temporal association between hospital discharge and the risk of falls suggests a causal relation between illness, hospitalization, or both and the rate of posthospital falls. The deconditioning effects of bed rest, iatrogenic complications of diagnostic and therapeutic interventions, and the effects of acute illness could all have contributed to the risk of posthospital falls and fall-related injuries. 39 In the first month after discharge, 11% of falls resulted in serious injury requiring hospitalization, and fall injury-related hospitalizations accounted for 15% of all rehospitalizations during this period.
In our study, patients at high risk could be identified by factors present on admission and at discharge. Patients who were dependent in 1 or more ADLs before hospitalization, had a history of previous falls, or had preexisting mobility impairments, as suggested by the use of a standard walker, were at high risk for posthospital falls. In addition, prior hospitalization was a risk factor, suggesting an aggregate effect of hospital-associated losses in function and mobility 40, 41 that may have contributed to the increased posthospital falls risk documented by this study.
Patients with delirium, and those receiving tertiary amine TCAs, were also at increased risk for falls after hospitalization. Delirium has been shown to be a risk factor for in-hospital falls. 21 Our study suggests that persistent or new delirium after hospitalization 20 places patients at 6-fold higher risk. Tertiary amine TCAs have anticholinergic, orthostatic, and sedating adverse effects, which may account for the relation between their use and posthospital falls. Others 42 have recommended that tertiary amine TCAs be avoided in elderly patients; our data support this recommendation.
In addition to prehospital risk factors for falls, patients with poorer balance scores at discharge were at increased risk for falls after hospitalization. Although we were unable to assess prehospital balance, it is likely that patients' balance was worsened by bed rest, which has been shown to negatively affect coordination and body sway. 8, 9, 37 Persistent acute illness may also play a role in worsening balance. Use of a cane after hospitalization was †Both models were adjusted for sex and all other factors in the model. ‡There were 6 ADLs (bathing, dressing, eating, toileting, and transferring and walking across a small room).
§Relative to using no assistive device. The rate ratio is for each additional hospitalization. ¶Relative to other diagnoses (noncardiac, nonpulmonary, non-gastrointestinal tract, and nonneurologic).
#Amitriptyline hydrochloride, doxepin hydrochloride, imipramine hydrochloride, or protriptyline hydrochloride. **The rate ratio for each tertile is relative to the highest tertile of balance. The lowest tertile indicates a score of 0 to 19 on the Performance-Oriented Balance Assessment; and the middle tertile, a score of 19 to 22 (maximum score, 26). protective. These findings suggest that efforts to improve balance and increase the use of ambulation aids after hospitalization may reduce the risk of falls after discharge. Both may be low-cost but high-yield interventions that could be included as part of predischarge or postdischarge treatment for this group of patients.
In this study, an admission gastrointestinal tract diagnosis was associated with increased posthospital falls. Although this may have been due to chance, it may indicate effects related to short-term blood loss or other factors we were unable to measure. Certainly, this finding requires validation in other studies.
There are several limitations to this study. First, assessment of prehospital risk factors was based on selfreport, and potentially subject to recall bias. However, we compared patients' and proxies' reports of patients' function before hospitalization and found no obvious bias in reporting. To improve reporting of prior falls, we used longer reporting periods and proxies for patients with lower MMSE scores. 43 Second, dating falls may be problematic, but most falls (96%) were identified by weekly postcards or telephone calls, which should provide greater accuracy. 32 Third, practices of home-nursing referral may vary; however, we found no significant differences in fall rates based on referral source or index hospitalization after adjusting for other risk factors. This suggests that we were able to identify important predisposing characteristics that may apply independent of home-nursing practices. Fourth, we were unable to determine whether the increased falls risk was related to acute illness or to hospital-associated processes such as bed rest, iatrogenic illness, and complications of therapeutic and diagnostic interventions. This is an important area for future study.
The response rate in our study is similar to that found in other studies [44] [45] [46] [47] that have targeted hospitalized older adults with high degrees of frailty. We found the most common reason for refusal was inability to meet with the investigator in the required time (within 5 days of hospital discharge). In many cases, patients did not enroll with the home-nursing agency until the third or fourth day after discharge. This left only 1 to 2 days for patients to enroll and for us to perform the initial assessment. We think it unlikely that our findings were biased by the refusal rate. First, illness was not frequently given as a reason for refusal. Second, there were no significant differences in demographic characteristics or length of hospital stay between patients who refused and those who enrolled, suggesting that our sample was representative.
In summary, this study demonstrates several important findings. First, older adults receiving homenursing care after medical hospitalization have a high rate of falls and fall-related injuries. Second, patients at high risk for posthospital falls can be identified on hospital admission and at discharge. Third, many of the risk factors for posthospital falls may be potentially preventable. Given the high rate of posthospital falls and associated high morbidity and costs, efforts to assess and modify risk factors should be integral to the hospital and posthospital care of older adults.
